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Abstract

The additive and response patterns scoring methods within and between, multiialel
true-false (MTF) items yveré examined. Eor additive scoring at item level, respons.e to -
each option wa:s scored dichotom0u51§ and added up to an item clustered score, while at
' test level response to each item was scéred either dichotoméusly or polytomously
applying four methods and added up to a sum of item score. For response patterns scoring
the IRT ability estimates were estimated through Expected a posteriori procedure. The
within-itern IRT ability estimates were compared to the clustered scores at item level and
the between-item IRT ability estimates were compared to the sum of item scores at test
level. Correlations between item clustered scores and within-item ability estimates were
significant for all lb items examined; correlations between sum of item scores and
between-item ébility estimétes were also signiﬁcaint for all four scoring methods in two
sets of test. The results suggest even at the risk of losing information, the use of iterh
clustered scores and suni of item scores as estimates of the latent trait is reasonable. But
the appropriateness of the item clustered s"gores should be examined prior to the test level
éstimadon. The IRT ability estimates can be more informative when variation of
discrimination pgfameters wit_ﬁin items is large. The inﬂuence of the item parameters on

the IRT abili.ty estimates was also discussed.
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Scoring Multiple True False Items: A Comparison of Sum Scores and Respoase Pattern
Scores at Item and Test Levels
Despite many superior qualities éuch as higher reliability than the other item
formats (Hills ;nd Woods, 1978; Aib;;.nese et al, 1979; Albanese and Sabers, 1988;
Mendelson et al, 1980; Frisbie and S»yeeney, 1982; Kreiter and Fdsbié, 1989) and more
responses collected in a given time multiple-true-false (MTF) items possess, the
application of this alternate format of the Multiple-Choice (MC) itém has been limited.
The major reason of its rarity can parﬂy be attributed to the Arnbiguous status that
complicates the scoring procedure and interpretation of the écores. Similar to the MC
item, a typical MTF item consists of a question stem and a few options. The difference is
Athat in r’espondiqg to MTF items, examinees are asked to judge each option following the
question stem as true or false instead of selecting only one correct opdon as reciuired in
MC items. Under such format, the scoring unit can either be an option or an item. In other
words, the collecti;)n of responses can be scored for thé itern as a whole or response to
Aeach option can be scored separately. The aual scorix;g options also mgke it possible to
score MTF items dichotomously or polytomously. While eﬁch option in the MTF item
takes a form of an individual True False (TF) item, the content cdngruency among the
options followipg each stem also brings the MTF item close to the format of Context
Dependent Item Set (CDIS), in which options'in an item are coﬁstructed as a subset, or a '
testlet (Wainer & Kiely, 198-7; Wainer & Lewis, 1990).
When all the options are treated independently, as individual TF items, and scored

dichotomously, guessing factor and locéi item dependency could seriously increase the

error in estimating the latent trait. Clustered scoring is thus preferred because the sum

4':
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scores of within item TF responses are efficiently incorporated into one clustered score to
provide estimates of performance at item level. This change helps to reduce the error due
to the probability of guessing and serves_ as a general solution to the problem of local
depéndency (Y‘én, 1993). However, the efficacy of one clustered score for each item
igr{ores the fact that a given score can result from different response patterns. For
example, for an MTF item with 5 options, a clnsfered score of 3 could be a result of

C, response patterns. Each pattern may reflect a different degree of the latent trait due to

the varied characteristics of the options. Examinees who have same numbers oftcorrect'
option but-have different response patterns may have different degrees of latent U.'E;.it due
to the distinguished difficulty and discrimination of the bptions. Similarly, examinees
could earn the same total score on a test based on differeﬁt response patterns among items

on the test. For a 20-item test, examinees with a score of 10 could demonstrate c®

response patterns. The question of whether to use sum of raw scores or response pattern
scores in MC items, testlets, or tests combing different formats have been intensively
discussed in the past, but rarely in relation to MTF items.

Sum of raw scores

In scoring MTF items, raw scores have always been used to estimate ability.
Various linear arrangements on the raw scores caﬂ be made to yield different MTF
scoreé. In a study by Albanése and Sabers (1988), different-scoring methods based on raw
scores of MTF items were examined for item and reliability analyses. When each option
of the MTF item was treated as an independent true-false unit, dichotomous scor'mg.

‘applied to correct response to an option was scorgd as 1 and incorrect response to an

option was scored as 0. When each MTF item with several options was treated as a unit,
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each item could be scored either dichotornoﬁsly or polytomously applying different
scoring methods. For example, they used a clustered score for an item of several options
instead of dichbtomdus scores for each Qi)tion. Also, when only some of the options in an
item wefe resp(;rided cor'rectlvy‘, partialicredit was given. These methods were developed
to compensate for local dependency and guessing. Other methods such as correction-for-
guessing was'applied to discredit correct responses below chance leve_l. The p;u’tial credit -
approach assigned credit only to total correct responses larger than chance level (half of
the total optioné), and the corregtion—for-g.uessing approach subtracted credit as penalty
for the incorrect responses. The combinations of these scoring methods led to the
~ development of a) the multiple-respoﬁse scoring, b) the count-for-2-options-correct
scoring, c).the count-for-3-options-correct scoring, d) the correction-for-guessing scoring,
e) the credit-for-any-correct scoring, and f) the separated-option scoring (Albanese and
Sabers, 1988; Grst, 1978; Harasym, Norris, and Lorscheider, 1980; Sandersén, 1973).
Research suggests that correction for guessing does nothing but reduce the raw
score to mé.ke the test seem more difficult (Hsu, Moss, and Khampalikit, 1989; Tsai and
Sueﬁ, 1993). The approach of giving I;artial credit to partially correct responses, on the
other hand, yields a higher raw score and also higher test score reliability when compared
to a dichotomous scoring method such as the multiple-response scoring (Albanese,
Sabers, 1988; Hsu, Moss, and Kharnpalikit, 1989). The MFT scoring methods discussed

thus far are summarized in table 1.

Insert Table 1 Here
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Response pattern scores

Response pattern scoring has been applied mostly in MC items and CR items but

" not in MTF items. Unlike the scoring methods using raw scores, response pattern scoring
has usually bee'h conducted with the af)plication of various weighting schemes. -
Comparisons of implicit and explicit weightiﬁg have shown that the aim of achieving"
more detailed and reliable estimates of latent trait can be met by both. However,
maxi;nizing reliability by.wei ghting may lead to lower validity (Rudner, 2001), therefore,
weighting should be a rational procéss evaluating contributions and the trade-offs

(Hennedy and Walstad, 1997).

~

Among the weighting séhe_mes. is the IRT procedure, which simultaneously
calibrates all test items and estimates examinees’ ability based on the item parameters.
The consideration of the item parameters in ability estimation implicitly weighs each item
(or option within an MTF item) and provides an IRT scaled score for each examinee.
Under the IRT scheme, ability associated with each response pattern is usually estimated
by the Maximum a poste-riori (MAP) m.etkli:od or tﬁe Expectéd a posieriori (EAP) method.
For the MAP, the mode of the joint likelih.ood derived from thé product of corresponding
trace lines and the N(0,1) populaﬁdn distribution is calculate‘d.. For the EAP, the mean is
used. The variation of the MAP or EAP estimates aslsociated with a sum can be attributed

‘to the variable parameters in the ]RT. models selected. IRT ability estimates derived from
one-parameter logistic (Rasch) model aré equivalent to summing the item scores because
identical slope parameter and O guessing parameter are assumed. IRT ability estimates

‘derived from the two-parameter logistic model are influenced by the item location

(difficulty) and the slop (discrimination) parameters. For estimation based on the three-
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¢

parameter logistic model, item location and discrimination parameters affect the ability
estimate (Lord, 1980, pp. 74-77). In other words, more discriminative items will have
" larger weights than less discriminative items.

While v\;eighted scoring based Tim response patterns may lead to more detailed and
reliable estimation of latent trait, raw scores have generally been used in scoring MC
items, CR items, testlets, and tests of combined itemA formats. Besides the reason that raw
scores ar;: simple and convenient, Thissen (2001) argued that the differénce in ability
estimates resulting from IRT scaled scores and sum of raw scores is minor. The range of
scaled scores around the sum scores is small because of a strong linear relationship
between IRT scaled scores and the sum of raw scofes for tests consisted of both MC and
CR items.

For MTF items, the reiationship of the IRT ability estimates and the sum of raw
scores should be examined at both item and test levels. At the test level, the clustered
scores of all MTF items add up to a total test score. Each total score is associated With
various item response patterns and their co',.rrg:sppnding IRT ability estimates. The
variation of these ability estimates is determined by the parameters of each MTF item.
Comparison of the IRT generated scaled scores and the total raw scores at the test level,
however, relies on thé appropriateness of the use of clustered scores in representing item
performance. Unlike MC items, MTF items require judgments on several optio.ns and
thus the patterns of ju’dgrﬁent within MFT items should likewise be examined and
compared to the corresponding clustered score.

The research questio'ns of the study are:
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1. Does the same type of linear relationship exist between sum of raw scores and

IRT ability estimates based on response patterns in MTF items as in MC and CR

'iierns?

2.Is it dpp;ropriate to use clustereéi scores fqr an MTF item rather than separate
scores for each option within an MTF'it'ern? Also, is it appropriate to use sum of
item raw écores rather than weighted item response pattern scores to estimate
latent trait?

The purpose of this study is to examine the relationship between the raw scores
and the response pattern scores in MTF itCII'lS', and the use of item clustered scores and
sum of item scores as estimates of latent traits. This.is done by first examining
'relationship between IRT ability estimates derived from response pattern scores within
MTF items and item clustered scores, then between the ability estimates derived from

different scoring methods and the sum of item scores stepwise.

Method

Instrument and Data

The data examin;:d ;n this study are the MTF items from the Group IMathematicé
test of the National College Entrance Examination (NCEE) held in Taiwan on J uly 2,
2000 and July 2, 2001. The Group I mathematics is the test fdr examinees who aim at
majoring in Social Science, Art, Business, and other Humanistic Science, and thus the
test places emphasis on mathematical knowledge and skills quite different from the
Group II Mathematics test which is designed for those planning to major in the Natural
Sciences. A total of 85,614 and 86,314 high school graduates took the Grbup I

Mathematics test-in 2000 and 2001 respectiv'ely. For each year, 5,000 examinees were
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randomly selectéd from the population. Sample examinees were eliminated from analysis
and ability estimation if any of the MTF item was left unanswered. The data screening’ .
resulted in sample examinees of 3,960 and 3,831 for year 2000 and 2001 respectively.
Each M”:I'F item.is followed byES options. This is similar to 25 TF items clustered
into 5 testlets. The five MTF items for each yeva.r (see Appeqdixes A and B) cover the
content in the standard Group I Mathematics cdrricuh;m from 10% to 12 grade, which
includes Algebra, Geometry, Probability, and .Statistics. A difference from the &aditional
MTF item is that the directions for fhe test indicated that at least one option following ;he
item stem is true. This is sometimes called the Mﬁltiple Answer (MA) format where the
nurnbe; of possible response patterns becomes 2%-1 (kis nurnber-of options). Inas-
option MTF item with at leaét one correct option, the number of response patterns is then
31 because “all false” pattern is excl.ugled. The examinees’ response patterns to all 5 items

were collected for the analysis.

Insert Appendix A and Appendix B Here

Item Scoring

Each MTF item was scored twice and then. compared. The first method was to
score each option dichotomously as O (for incorrect response) or 1 (for correct response).
The five option scores were ad.ded to create an item cluster score that ranges from O to S.
The item cluster scoré was mere summation of raw option scores. The second method
was the IRT ability estimate, in which item score was estimated based on the response
pattern to the five 6ptions. Prior to choosing the IRT method, the parameter estimations

and itemn fit statistics were performed for each item. Model fitness was estimated using

10
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the 2-parameter and the 3-parameter logistic models. The descriptive statistics for the

residuﬁls are shown in table 2. The standard residuals provide evidence that the itemn data
were better fitted to the 3-parameter model. This is expected since guessing in TF item is
inevitable. Thué EAP for each of the 31 response patterns to an item was estimated based

on the 3-parameter logistic model.

Insert Table 2 Here

Test scoring

To score the whole MTF secﬁon that includes five MTF items, the score
‘summation method apd the ITR ability estimation from response patterns were both used
again. In score summation, item cluster scoreé of each of the five items.were added
together to form a test score. Four different methods were applied here to produce item
cluétér scores.

1. The MR method gave 1 point to an item only when all the responses to the
options were correct, »O point was given otherwise. Therefore each item score was
either 0 or 1 and the surﬁ of item score (summation of five item scores) could be
fromOto 5

2.. The credit-for—any-correct scoring method, similar to the “MTF" scoring
(Albanese and Sabers, 1988) gave 1 point to e.ach correct response to an option.
Thus item clustered score ranged from O to 5 and the sum of item score ranged
from O to 25.

3. Similar to the count-for-3-option scoring, this method gave 1 point to an item

when 3 of 5 responses were correct, 2 points when 4 of 5 responses were correct,

11



Scoring Multiple 11

and 3 points when all S responses were correct. Credit wﬁs given only when the
number of correct responses exceeds chance level (2.5 in this case). Since an item
score had four categoﬁes [ to_3j for this method, I named it the 4-category
scoring hlethod. .

4. Similar to the count-for-4-option scoring, this method gave 1 point when 4 of 5
\responses were correct, and 2 points When all the responses were correct. In this
case, an item score had 3 categories (Oto2) }henc‘e I named it the 3-category

scoring method.

In sum, the four scoring methods used to score the MTF items are different in the
number of scoring categories. Each item was scored using method with 2 score categories

(MR scoring), 3 score categories (3-category-scoring), 4 score categories (4-category-

- scoring), and 6 score categories (credit-for-any-correct scoring). For each method, the 5

item scores were summed together.

To con;pare to the sum of item scores described above, the IRT abilify estimates
based on item score p.a.ttern.s were derived for each scoring method. For the MR scoring
method, the. IRT .élbility estirnatle was yielded from the pattern of ﬁve dichotomous scores
(e.g. 01001). For the 3.-category-scoring.rnethod; the IRT ability estimate was yielded
from the pattern of five 3-category scores (e.g. 12201), and so forth for the. other two
methods. Each sum-of-item score had a corresponding IRT ability estimate.

The 2-parameter logistic model sérved as the basic model of parameter and IRT
ability estimations for the MR method. The parameter and IRT ability estimations for the
polytomous scoring methods (3-category-scoring method, 4-category-scoring method,

and credit-for-any-correct scoring method) were performed based on Samejima’s graded

12
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response model. The graded response model was chosen because the amount of
knowledge was assumed to have a positive relation with the score categories. The higher
the item score, the better knowledge the .'examinee has. The location of each score
category was e;épected to be in order. Also, the graded response model allows for
different levels of disc.rimination for different items.

Correlation between scores

For each item, correlatiops were examined between the item clustef scores and the
IRT ability estimates at the item level. For the two tests, corré_lations between sum of
ifem scorés and the IRT ability estimafes at the test level under each scoring method were
examined. |

Test score reliability

For both tests, each of the 5 items was scored using five methods—the MR

.method, th¢ 3-category method, the 4-category method, the credit—for—any-cofrect ‘

method, and the IRT ability estimate based on the response patterns. Test score reliability

for the 5 methods were also examined.

Result

Item parameter estimation

Before the IRT ability estimation proceduré, item parameters were generated from.

examinees’ responses. Table 3 shows the item parameter estimates based on the 3-

* parameter logistic model. Parameters for each “option” were estimated because here each

option was treated as a basic-unit. The means of the discrimination parameters are .97
(S.D. =.50) and .70 (S.D. = .20) for the 2000 and 2001 test items respectively. The |

means of diffic.ult_y parameters were -.39 and -.65 with standard deviations of 1.15 and

13:



Scoring Multiple 13

.94 for the 2000 and 200 1test items respectively. The guessing parameters averaged .48

and .38 with standard deviations of .08 and .03 respectively for the 2000 and 2001 MTF

items. 3

Insert Table 3 Here

Parameters for each “item” based on the four scoring methods (MR, 3-category,

4-category, and credit-for-any-correct niethods) were estimated and shown in table 6.

Insert Table 6 Here

Item scores comparison

The item cluster scores and the IRT ability (theta) estimates of all score patterns

within an item are presented in table 4. For example, an examinee who responded

correctly to only the second option on the first item of the 2000 mathematics test had a

score pattern of 01000 that equals the item cluster score of 1, but an IRT item ability
estimate of -.97. This score pattern (01000) for item S in the 2000 test would represent an

examinee who left the item blank since options A, C, D, and E are all correct answers to

the itern stem. In other words, the examinee who left this item blank would have a score

pattern of O for option A becausel option A is correct and should be cl.lose‘n.‘He/she would
hﬁve a score of 1 for option B because this option is incorrect and leaving it blémk would
earn him/her 1 score point. Similarly, zeros afé given for the blank responses to option C,
D and E. However, since the “01000” score response to item 5 in the 2600 test
corresponds no response at all, it would not Be scored using the IRT 3—parameter model.

In fact, examinees with blank response to any item was eliminated from the analysis

14
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because a blank is confounded by various situations such as believing all the options are

_incorrect (negligence of the direction that at least one option is correct), or not having

enough time to respond.
Correlation coefficients of the item cluster scores and IRT ability estimates are

shown in table S. For the items, the correlations are all statistically si'gniﬁcant (p< .01

and range from .78 to .98.

Insert Table 4 and Table S Here

Test scores comparison

When moving one hierarchical step up to the test level, each item was treated as a
basic unit. The sum of item score an.d the IRT ability estimate for each test were derived
and compared. The correlation coefficients between the sum of itém scores and the IRT
ability estimates are shown in table 7. Coﬁelations of the IRT ability estimates with sum

of item scores for each method range frocd‘ .97 to .99 (p < .01). .

Insert Table 7 Here

Test score reliability

T hg c. coefficient on the 2000 test items is _.61 when thle credit-for-any-correct
scoring rnethbd was used, .63 When either the 4-category or the 3-category scoring
methods was used, .59 whe.n the MR scbring method was used, and .62 when the IRT
ability estimate was used. For thé 2001 test items, the cqefﬁcient is .64 when the credit-

for-any-correct scoring method was used, .65 when the 4-category method was used, .63

15
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when the 3-category method was used, .58 when the MR method was used, and .63 when
the IRT ability esfirnate was used. The score reliabilities do not vary much across the
different scoring methods.
. Discussion
As in the study of the MC and CR item scoring conducted by Thissen (2001), -

high correlations exist between the item cluster scores and the IRT ability estimates for .
each MTF items in the NCEE Mathematics tests. Such high conelatioﬁs also exist
between the sum of item scores and the IRT ability 'estirnates‘for both 2000 and 2001
NCEE Mathematics tests. This is especially true at the test level. Although all the
correlations between the item cluster séores and the IRT ability estimates are significant,
the rangebf the. IRT ability estimates corresponding to an item cluster scoreAcan be wide
apart. For example, the minimum and maximum ability estimafes for an item clﬁster :
score of 3 on item 2 in the 2000 mathematics test was —1.01 and 0 respectively. Piotting
the item cluster scores against the IRT ability-estiniates (Figure 1 a) for item 1 in the
2000 mathematics test, linear relation betv({een thé two IS not particﬁlarly overt even
| though the correlation is significant. The wider variation of the IRT ability estimates for
middle range item cluster scores (2 to 4 points) can be clearly observed. This sﬁggeéts
that even with a strong linear relationship between the item cluster scores and the IRT
ability estimates, the use of the item cluster scores will lose certain amount of
inforrﬁation. Item 1 of the 2001 mathematics test (Figure 1b) represents a less varied and
more linear relationship between the item cluslter scores and the IRT 'ability estimates,

though the IRT estimates corresponding to a cluster score could still be quite varied. -

Significant correlations provide evidence for strong relation between the two examinee

16
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scores in a macroscopic manner, but microscopic analysis of ability estimation based on
response pattern may show more variability in the IRT ability estimates corresponding a

cluster score than we would expect and provide some lost information that we would

want to capture.

* Insert Figure 2 Here

One major reason for the variation of the IRT estimates correspondirig to a cluster
score is the varied discrimination power among the options in an MTF item. For item 1 of
the 2000 mathematics test, the first two options are more discriminating than the i)ther
three options. Therefore, incorrect-responées on these two options leads to a much lo.werv
IRT ability estimate (-1.55) than incorrect responses to any two of the other three optioné
(-.55,-.55and -.53). For examinees who respond to 3 options correctly on ti'ie item, the |
lowest'IRT ability estiniate is given to those who missed the first two options. The
highest IRT aibility estimate is assigned to examinees responding correctly to ,the'three
most discriminating options (1,2, and 5). The lowest IRT ability es_timate (-1.55) is even
lower than IRT ability éstimatés corresponding to only one correct response on the most
discriminating options (-.97 and -1.11). 'fhe highest IRT ability estimate for examinees
responding to 3 options correctly on the item (-.53) is greater than the IRT ability
estimate corresponding to four correct responses when one of the two most -
discriminating options is missed (-.87 and -.83). The use of the item cluster score to

represent all the response patterns in such case may lead to loss in information and

erroneous estimation of ability at the item level.

17
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The variation of the IRT ability estimates seems less problematic at the test level.
A strong linear relationship between the sum of item scores and the IRT ability estimates
can be seen reg’irdless of the item sco;j@g method used. Figure 3 shows clear linear
relationship beéween the two types of ;cores for all item scoring methods. An average of
98% of sum of item score variance co-varies with the IRT ability estimates. Only 1in_1ited
infor'mati.on is lost using sum of item scores as estimates of ability. Thus sum of item
scores under any scoring model seems more practical at test level than IRT ability

estimates, assuming item cluster scores are appropriate as item score estimation.

Insert Figure 2 Here

Due to the variable discriminatiohs and ine\}itable guessiné in respoﬂding to
options that complicate the ability estimation, IRT ability estimates are more likely to be
inconsistent across the option response pattéms at item level. Before test level estimation,
it is worthwhile to examine the characteristics of the options within each MTF item to see
how well the item cluster scores are going :,to represenf the response patterns. This is
important because Soth.the additive and response-pattern scoring approat:he»s at the test
level are based on item cluster scores. Options with high guessi.ng levels (>.5) should be
idéntiﬁed and conéidered for revision. Also, dramatic differences of option discrimination
within items can be a potential problem. These factors are the causes of variation among
IRT ability estimation for different option response patterns.

To conclude, item cluster scores and sum of item scores are often used as ability
estimates because they are simple to calculate and easy to interpret. In addi_tion_, they are

usually closely related to the response pattern scores such as IRT ability estimates.

18
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However, an IRT procedure’s implicit weighting makes use of the item pafarneters to
estimate ability based upon response patterns. The IRT ability estimates are thus tﬁought
as somewhat more efficient than the spri; scofes. Though the “extra information” might
be fairly small,"-the IRT ability estimafés provide details about ho(w examinees pgrfonn

and a convenient way to link alternate forms or constructs (Thissen, 2001).
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Table 2

Estimates of Standard Residuals at Item Level Fitting the 2-parameter and the 3-

parameter Logistic Models

Test and Model Standard Rgsmluals

. Range
l . . .D.
(sample size) Minimum  Maximum Mean 5-D

Math 2000 | -
2-parameter .64 3.38 _ 1.5 Y
(3960) ~

- Math 2000 ,
3-parameter 42 ©1.59 1.08 28

(3960)

Math2001 : ,
2-parameter 39 2.15 1.01 40

(3831)

Math2001
3-parameter 34 44 .38 .03

(3831)




Scoring Multiple 25

g:?;fniter Estimates of the 10 MTF Items Treating Each Option as a TF Item
Year 2000 Year 2001
Parameter a b : o a b o
ltem1 | Option 1| 1.29 -0.99 39 88 1.10 g |
Option2 | 1.24 -1.01 41 .68 -0.30 36
Option3 | .84 -0.52 .50 .60 -0.30 36
Option4 | .83  -033 .42 71 081 34
Option 5 | .86 0.37 .59 55 0.66 39
Ttem2 | Optionl | .67 103 45 1.1l 065 . 37
Option 2 a1 i.35 49 73 -0.67 37
Option 3 | .64 -0.77 43 | 44 -0.56 39
Option4 | .79  -0.40 38 | 123 060 39
OptionS | .39 -0.27 52 76 048 . .36
Ttem3 | Optionl| .93 1.77 51 76 -1.65 37
Option2 | .91 0.29 .59 53 -1.22 37
Option3| 90 074 61 | 8 004 43
Option 4 | 1.28 1.29 68 79 -L75 36
Option 5 | .40 -1.11 .53 1.04 0.46 39
emd | Opion 1| 163 067 - .53 57 4 39
Option 2 1.49 -031 . .42 .66 -1.06 34
Option 3 | 2.24 023 40 | .56 -1.15 35
Option 4 | 2.16 -0.28 42 62 -2.50 37
OptionS| 115 058 .44 72 144 39
Item S | Option 1 1.01 -0.56 35 76 -1.20 35
Option2 | .48 -2.49 .50 49 -1.51 37
Option3| 43 -130 .50 42 050 37
Option4 | .68 2.29 46 60 131 44
| OptonS| 40 281 .50 46 <119 37
a=discrimination b=location (difficulty) c=guessing (lower asymptote)
(o o 26




Table 4

Scoring Multiple 26

TItem Clustered Scores and IRT Theta Estimates for All Possible Option Score Patterns Within an MTF

Item in the 2000 and 2001 NCEE Group I Mathematics Test

Possible IRT Theta Estimates for Examinees on Each ltem
Option I Year 2000 Test Year 2001 Test
-Score tem ; .
Patterns Clustered , ' _ . :
Scores |.Iteml TItem2 Item3 Item4 ItemS5 | Item! Item2 Item3 Item4 ItemS5
for Each
Item :

00000 .00 -1.60 .ow -1.51 -1.60 -2.12 -1.38 -1.50 -1.44 -1.75 -1.29
10000 1.00 -1.11 -1.24 -1.51 -1.60 -1.89 * -.56 -1.43 -1.56 -1.29
01000 1.00 -.97 -1.25 -1.24 -1.17 * -79 -1.30 -1.21 -1.75 -1.22
00100 1.00 -1.60 -81 -1.02 -1.29 -2.08 -1.03 -1.50 -1.14 -1.75 -84
00010 1.00 -1.60 -1.07 -1.51 -51 -1.57 -1.20 * -97 -1.59 *
00001 1.00 * -1.04 -.98 -1.46 -2.11 -1.37 -1.50 -1.44 -1.47 -70
11000 2.00 55 -1.24 -1.24 -1.17 -120 -.65 =51 -1.20 -1.595 -1.22
10100 2.00 -1.11 -.69 -1.02 -1.29 -1.82 -.83 -.55 -81 -1.55 -.84
10010 2.00 -1.10 -95 -1.51 =51 -1.38 -.90 -.52 -.96 -1.14 -1.44
10001 2.00 -98 -1.02 -98 * -1.88 -1.13 -37 -1.43 * -.63
01100 2.00 -97 -.80 -.65 =72 -1.22 -.56 -1.30 -91 -1.75 =77
01010 2.00 -.96 -1.07 -1.24 -.50 -91 -38 -1.02 -.83 -1.59 -1.36
01001 2.00 -.86 -1.04 -.56 -96 -1.36 =76 -1.30 -1.21 -1.46 -.59
00110 2.00 -1.60 -42 -1.02 -39 -1.43 -70 -1.25 -72 -1.59 -96
00101 2.00 -1.55 -.64 -34 -1.02 -2.06 -1.01 -1.49 * -1.46 -20
00011 2.00 -1.55 -.83 -98 -.50 -1.54 -1.14 -1.24 -97 -96 -.80
11100 -3.00 -.55 -.68 -.65 =72 -.99 -44 -.49 -44 -1.595 =75
11010 3.00 -.55 -93 -1.24 -.50 =77 -.14 -.48 -.82 -1.13° -1.36
11001 300(. -.353 -1.01 -.56 ~.96 -1.14 -.60 -05 -1.20 -58 -46
10110 3.00 -1.05 00 -1.02 -.26 -1.20 -.40 -.50 -.09 -1.13 -95
10101 | 3.00 -.98 -.46 -34 -1.02 -1.79 -.80 -13 -23 -.58 13
10011 3.00 -.98 -.64 -98 -.50 -1.34 -78 -.18 -.96 =51 -74
01110 3.00 -95 -41 * -.05 =72 .05 -1.02 -.62 -1.59 -.87
01101 3.00 -.86 -.64 .19 -.61 -1.03 -.49 -1.29 -89 -1.45 01
01011 3.00 -.86 -.83 -55 -.50. -.81 -.12 -1.01 -82 -95 -.68
00111 3.00 -1.55° -.19 -32 -23 -1.00 -51 -1.24 -.68 -95 -24
11110 4.00 .39 34 -.64 32 -1.34 24 -.44 .10 -1.12 -85
11101 4.00 -53 -.44 .19 -61 -.65 -35 42 .19 -.17 .62
11011 4.00 =353 -.60 -53 -.50 -.62 22 .16 -81 =51 . -56
10111 4.00 -.87 24 =27 .04 -1.02 12 17 57 - -51 .09
01111 4.00 -.83 -.18 34 .20 .00 S5 -1.00 -56 - -92 -.03
11111 5.00 1 .76 .83 .85 43 .90 .82 .82 .60 .59

* Indicates blank response to the item, which was eliminated from estimation procedure. The theta for
the blank response was not estimated under zero frequency.

27
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Table 5

. Correlations Coefficients of Sampled Examinees’ Item Clustered Scbres and IRT.Ability

Estimates ori the 10 MTF Items

Year 2000 Test Year 2001 Test

Ttem | | 2 3 4 5 1 2 | 3 & | s

S| 9ze* | 92+ | 78+ | oawr | 9gF% | 9% | 97+ | 98** | 94%x | 35t

28
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Correlation Coefficients of the Sampled Examinees’ Sum Scores and IRT Ability Estirpates for 4

Scoring Methods
Scoriﬁg Méthod 2000 Test , 2001 Test
MR 9Q#* | .99%**
3-category 99rx L ggw
: 4-catégory .98**. 98**
Credit-for-any-correct 97%* g7

**p<.0l
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Figure caption

Figure 1. Scatter Plots of the Item Clust_e_re"ld Scores Agéinst the IRT Ability Estimates for 2

MTF Items.

Fioure 2. Scatter Plots of the Sum of Item Scores Against the IRT Ability Estimates for 4 Scoring

Methods on MTF Items in 2000 Test.
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Figure 1
a. MTF Item 1 (Year 2000)
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¢. The 4 category scoring

IRT Ability Estimates (Theta)

-1.5 1 z i.O

. -2.5 T T T
.0 - S 10 15 20

Sum of Item Scores

d. The credit-for-ant-correct Scoring

IRT Ability Estimate (Theta)

0 5 10 '15 - 20 25 30

Sum of item Scores

34



Scoring Multiple 34

Appendix A

The MET itemns of the 2000 NCEE Mathematics Test

Iem 1

Which of the follo,'wing statements are tnie_: about the equation f{x)= x* =157
a. There is one real solution between 1 and 2.%

b. There is-one real solution between -2 and —1. *

c. There is no real soluﬁon larger than 2. *

d. There is no real solution smaller than 2. *

e. There are 4 real solutions.

Item 2

Which of the following are true?

10 20
W 22 i

044305430 *

log10 +10g20 > log30 *

[¢]

a

(¢}

10*+20% _(10+20Y)"
>
2 2

4
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Item 3

Which line(s) in the cubic ABCD-A’B’C’D’ as seen below can be on the same plane with A'B?
a. BC' * | |

b. AC

c. DB’

d. DD

e.E—l_)-'*

Item 4

The outer region of the parabola C: y = —4x? +9is divided into two areas by the y-axis. Which

- point(s) are located in the same side as the parabola’s focal point?

a. (152)
b. (1,4)*
¢ (<0.57)*
d. (0.57)*
e. (09

36
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Item 5

The plot below shows the cumulative frequencies of the Mathematics midterm for three 10”

-

grade classes. To pass the test, one should at least get 60 points.

Cumulative Frequency (in persons)

H
: ' ' ' :
. ' | ' i <
i L RS SNSRI AP PPN PPPPRPSEPPRRERTESR S S LSSttt h bt
10 : : = ; : : 7
-y E
-
vl Ve 9
3 SRR A s eeccdacomacsanmmamgmaes samen naveamevandsamensans pemmmnanee R
[ ‘k » v » ¥ -
N - . ] . ] [ ’
Ll i 1 + Y 1
0 A= 1 1 Y ! 2 A
b I

Grade (in points)

Which of the following statement(s) is (are) tfug?

a. The Class “A” has the highest median. *

b. -The Class “C” has the most passing examinees. *

c. The cléss,“B” has the highest frequency of éxaminees that score 80 or higher.
d. The Class “C” has the lowest mean. *

e. The highest score is in the class “B.” *

* indicates the correct option.
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Appendix B

The MFT itérns of the 2001 NCEE Mathematics Test : )

Ttem 1

A5 , N
The real number x = 52 — . which of the following option has a value that is equivalent to x?

A .62

B. —-1*

+ ...+ (=1)"x", where n> o0 *

Ttem 2
If a, b, ¢ are real numbers, and for f{x)=ax’ + bx +é,f(-1) =-3,f3)= .-1, b* -—4ac <0, then
A.a<0O* | | | |

B. ¢c<0O*

C. FO<f()*

D. f@<f()

E. f(-3)<f(-D*

38
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Item 3
With which of the following condition(s) known can we find the equation of an ellipse on a 2-
dimentional plane?

A. The locations of the four pinnacles of the ellipse. *

o

The locations of the two focal points and one point on the ellipse. * '
The length of the short and long axis of the ellipse.

The locations of the two focal points and the length of the long axis of the ellipse. *

m o 0

The location of the center and the ratio of the length of the long axis to the short axis of the

ellipse.

Item 4

The mathematician and philosopher Galileo infuriated the Roman church when the “Dialogue”
was published in 1632. He was then sentenced to life time ihpdson at thé age of 70 and died in
jail at the age of 78. The -tirne between the publicatioh of the “di.alogue”land his death was said to
be the darkest 10 yeafs in his life. Galileo invénted the 10x telescope in his early aée and found
the satellite “Europa” of Jupiter the year following the invention of the 10x telescope. The golden
age of Galileo spanned from the‘invehti'on of the teléscope to the publication of the “Dialogué.” -
The length of the golden age (in years) is half the number of his age when he found Europa. |
Based on the historical facts above, determine which of the following statement(s) is (are) true.
A. Galileo was born in 1566.

B. Galileo invented the 10x telescope at the age of 45. *

C. Galileo found the satellite “Europa” in 1610. *

D. The “Dialogue” was published when Galileo was 68 of age. * .

E. Galileo died in 1644,

39




Scoring Multiple 39

Item 5

! Statistics of number of hours spent on operating computer per week for a class of 40 students is

Shown below:

Mean hours spent é)n computer ) 8.3 hours
Standard Deviation 2.1 hours
The first quartile (Q1) 7.0 hours
The third quartile (Q3) - 10.0 hours

Based on the statistics provided, determine which of the following statement(s) is (are) true?
. A. The quartile deviation is 1.5 hours. *

B. The median is between 7.0 hours and 10.0 hours. *

C. There are 10 students who operate.computer more than 10.0 hours a week. *

D. The longest.time spent on operating compufer is 12.5 hours (8.3 +2 x2.1) per week.

~ E. There are 20 students who spend 7 to 10 hours per week operating computer. *

* indicates the correct option.
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